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pyramid in Egypt 
Dr Mohamed Henini, University of Nottingham 
From self-assembly to FETs, micromachining to transport in superlattices and quantum wires, the 11th 
'International Conference on Superlattices, Microstructures and Microdevices' (ICSMM-I I )  covered a wealth 
of topics. The meeting was held in Hurgada, Egypt from 27-31 July 1998 and attracted more than I00 
participants from some 20 countries. 
p rominent on the lips of those attending the conference 
from academia were the 
words 'quantum dots', which re- 
cently have fuelled everything 
from research into optimization of 
growth conditions to novel device 
design. 
S.Fafard (National Research 
Council (NRC), Canada) gave an 
overview of the last five years of re- 
search in the field of semiconductor 
self-assembled quantum dots (QD). 
The exciting discoveries he men- 
tioned included the discrete density 
of state and the large intersublevel 
spacing first observed with selective 
photoluminescence (PL)and photo- 
luminescence excitation (PLE), 
the first evidence of the single QD 
sharp-lines and their temperature 
independent behaviours, the first 
excited state spectra and state-fill- 
ing effects. He also covered proto- 
type devices such as the first 
red-emitting semiconductor QD 
lasers (Figure 1). The progress with 
these nanostructures indicates that 
the years to come will deliver more 
interesting physics and zero-dimen- 
sional (0D) devices. For example, 
the lasing wavelengths of QD 
Figure 1. Red-emitting QD laser diode (LD) in operation. By using AIInAS/AI~aAs L/US m 
separate confinement heterostructures, CW threshold densities below 80 A.cm "2 have been 
obtained for ~, ~ 700 nm, with broad area lasers at low temperature, with peak powers 
reaching 200 mW per facet for uncoated facets. The visible QD LDs lase at room tempera- 
ture at higher threshold currents (,.-,"1.5 kA.cm2), because of the shorter wavelength and thus 
the shallower confinement available. But for the case of similar LDs made with InAs/GaAs 
emitting at ~1 pro, the threshold current densities are ~14 A.cm 2 at low temperature and <80 
A.cm -2 at room temperature. (Courtesy of Dr S.Fafard, NRC, Canada.) 
diodes have so far been restricted 
to the visible and the near infrared 
(IR) below -1.1 ~tm. Some applica- 
tions require longer wavelengths; 
for example, most devices for tele- 
communication are operating at 
~. - 1.5 ~tm. It has also been shown 
recently that the PL can be obtained 
at longer wavelengths, using InAs 
QDs on InP substrates. 
His presentation also included 
the recent advances at NRC in un- 
derstanding the growth and physics 
of self-assembled QD heterostruc- 
tures. He pointed out the benefits 
and challenges associated with in- 
corporating these nanostructures in 
the active layers of practical de- 
vices. For example, the electrical in- 
jection of carriers in InAs 
self-assembled QDs grown on InP 
substrates has been studied, which 
shows the room temperature pho- 
tovoltage and electroluminescence 
of a QD laser diode grown with 
QDs having a diameter of -35 nm 
with a height of -4 nm.The EL cov- 
ers a broad range from 1.3 to 1.6 ~tm 
because of the inhomogeneous size 
broadening of the probed QDs. 
Self-assembly 
The phenomenon of.QD self-assem- 
bly is a complex mechanism, in- 
volving both equilibrium and non- 
equilibrium effects. Because of the 
strong influence of kinetic mecha- 
nisms on QD formation, it is gener- 
ally difficult to obtain precise 
control of the dot morphology. In 
particular, the main practical prob- 
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lems are the dispersion of the dot 
size and/or shape and the possible 
presence of dislocations. Therefore 
it is important to investigate he in- 
fluence of different growth parame- 
ters on dot formation. Despite 
much work dealing with dot 
growth kinetics, little attention has 
been devoted to the influence of a 
growth interruption applied after 
the deposition of the strained layer. 
Moreover, to date most of the re- 
search as dealt with the growth of 
QDs on (100) CcaAs substrates and 
less attention has been devoted to 
the influence of high-index plane 
substrates on QD self-assembly. 
A.Patane and colleagues 
(Nottingham University, UK) re- 
ported the effects of growth 
interruption on the optical and mi- 
croscopic properties of InAs/GaAs 
self-assembled dots grown by MBE 
on (100) and (311)B oriented GaAs 
substrates. It was found that the 
growth interruption applied after 
the deposition of the InAs layer al- 
lows the formation of well-devel- 
oped InAs dots (large dot size). 
This effect is enhanced in (311)B 
samples, where the growth inter- 
ruption can be used to tune in a 
controlled way the emission ener- 
gy and the luminescence intensity 
of the dots. Figure 2 shows the 
cross-section TEM of two (311)B 
samples with growth interruption 
times of 0 s and 120 s.The island 
morphology is revealed by the 
chemical compositional contrast 
between the InAs (dark regions) 
and the GaAs (bright regions) lay- 
ers. For the sample with 0 s growth 
interruption, the TEM image shows 
an inhomogeneous InAs layer 
made of small InAs islands. 
Increasing the growth interruption 
time causes a drastic increase in 
the size of the islands, which be- 
come well-developed dots with a 
pyramidal shape. As shown by the 
arrows in Figure 2b, the largest 
dots produce deep holes in the 
GaAs cap-layer. 
G.Yusa and H.Sakaki (University 
of Tokyo, Japan) have studied sin- 
gle electron and single hole trap- 
ping in InAs self-assembled QDs 
embedded in a GaAs/n-AIGaAs 
field effect transistor (FET), and 
have demonstrated possible appli- 
cations to novel photo devices 
such as detectors and room tem- 
perature QD memory devices. 
They prepared two different ypes 
of selectively doped. GaAs/n- 
AIGaAs FETs with embedded InAs 
QD layers. In each type the charge 
trapped in the 0D states of the QD 
layer, and hence the charge transfer 
from the two-dimensional electron 
gas (2DEG), can be controlled by a 
surface gate voltage (Vg). The dif- 
ferent charge trapping and dis- 
charging mechanisms in these two 
types of structures were discussed. 
Fabrication 
A fabrication procedure for semi- 
conductor nanostructures that ex- 
hibit quantum effects at elevated 
temperatures requires (i) pattern 
definition in the 10 nm regime and 
(ii) a low-damage process that trans- 
forms the pattern into the lateral 
confinement potential. B. Klehn 
et al. (University of Bochum, 
Germany) demonstrated a promis- 
ing fabrication technique that 
meets both demands by combining 
the high resolution of AFM as a lith- 
ography tool with the low damage 
of wet chemical etching.The exper- 
iments started from GaAs (001) 
wafers. Thinned (1:50) photoresist 
was spun on the wafer esulting in a 
5 nm thick pinhole free layer.After a 
five minute prebake at 95°C in air 
the sample was placed on the AFM 
scanner.The lithography follows the 
dynamic ploughing method where 
the vibrating tip plastically indents 
the resist layer and forms a notch 
along a predefmed path. In the writ- 
ing mode the vibration amplitude 
has been enlarged against hat of 
the imaging mode by a factor of six, 
which is strong enough to let the 
tip penetrate the resist but suffi- 
ciently small to avoid damaging the 
GaAs surface. The width of the in- 
dented notch is mainly determined 
by the thickness of the Si tip used, 
Figure 2. Cross-section TEM of InAsdGaAs 
QDs grown on a (311)B oriented GaAs sub- 
strate, with a growth interruption time equal 
to (a) O s and (b) 120s. (Courtesy of Dr A. 
Patane et al., University of Nottingham, UK.) 
which is about 30 nm. In this way a 
500 m-period grid of lines 20 jam 
long has been written into the re- 
sist. The lines were oriented along 
the [110] and [1-10] directions. 
Four different anisotropic etches 
were applied and in each case the 
resist mask was sufficiently durable. 
The best results of 40 nm wide 
[110] V-grooves with straight edges 
and smooth sidewalls were ob- 
tained from bromine methanol. 
Considering potential industrial 
applications of modem micro- and 
nanodevices in monolithically 
integrated, hybridly assembled 
microcomponents, and complete 
transducer microsystems with co- 
integrated sensors and actuators, 
there is a need to understand in de- 
tail and to analyse all the basic 
coupling mechanisms between dif- 
ferent physical energy and signal 
domains governing the operation of 
microstructured single devices, in 
addition to the system behaviour. 
Typical classical and quantum me- 
chanical examples include thermo- 
mechanical stress, piezo- and 
pyroelectricity, thermoelectricity, 
piezo- and thermoresistivity, gal- 
vanomagnetism, and all other kinds 
of electrical conductivity modula- 
tion. In his talk, G.Wachutka 
(Munich University, Germany) illus- 
trated the methodological approach 
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with reference to selected exam- 
pies relevant to practical ap- 
plications, and some problems origi- 
nating therefrom. Topics included 
electrothermally induced mechani- 
cal stress effects in layered struc- 
tures (e.g. impact of piezo- and 
pyroelectricity on channel trans- 
port); electrothermal self-heating 
and cooling; electrothermomechan- 
ical packaging effects (e.g. contact 
and bonding problems); capacitive 
and resistive coupling between sin- 
#e-electron devices in future nano- 
circuits; and distributed inductive 
and capacitive parasitic effects in the 
pertinent interconnect s ructures. 
Conference round-up 
In all, the five-day meeting featured 
about 60 oral presentations in ses- 
sions on self-assembly, ferroelectric 
materials, field-effect transistors, 
atom manipulation, organic materi- 
als, quantum transport, applications 
of quantum structures, photolumi- 
nescence and absorption, transport 
in superlattices, optical emission, 
micromachining, tunnelling, trans- 
port in quantum wires, and photon- 
ic crystals. 
The invited presentations cov- 
ered a variety of topics including: 
excitation transfer in novel self-or- 
ganized quantum dot structures 
(R.Heitz, Technical University of 
Berlin, Germany); shadow-masked 
and microstructured magnetic tun- 
nelling junctions (S.Parkin, IBM, 
USA); conducting polymers in 
nanoscale periodic structures, mi- 
crocavities and photonic crystals 
(K.Yoshino, Osaka University, 
Japan); and transport in superlat- 
tices (A.Sibille, ENSTA, France). 
An International Committee of 
27 scientists from 11 countries 
supported the conference chair, Dr 
K.Ismail. 
The organization of the confer- 
ence was such that there was time 
for discussions at the end of each 
presentation a d there were ample 
opportunities to carry on the dis- 
cussions at other times.The nergy 
and quality of the talks and discus- 
sions is scheduled to continue dur- 
ing the next conference, tobe held 
in the Far East in 2000. 
The proceedings from this 
meeting will be published by 
Superlattices and Microstructures 
journal as a continuation of its se- 
ries for this conference, and will be 
dedicated to the memory of 
A.Barra (University of Montpellier) 
who died during the conference. 
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